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Echocardiographic mage texture has been demon- 
strated to reflect the physical properties of the tissue 
under examination. To evaluate the role of collagen in 
determining the echo pattern of the left ventricular 
wall, we studied nine hypertensive patients with left 
ventricular hypertrophy (left ventricular mass index > 
125 gm/m ~) and biopsy-proven different degrees of 
myocardial fibrosis by analyzing the echocardiographic 
examinations performed before the biopsy. Myocardial 
tissue was sampled under fluoroscopy and two-dinaen- 
sional echo guidance in the interventricular septum. 
Collagen volume fraction (CVF; normal range up to 
2%) was taken as an index of fibrosis. The echo patterns 
were assessed by analyzing standard two-dimensional 
parasternal long-axis echocardiograms recorded on 
videotape. Images were color-coded at 256 levels (0 = 
yellow, 256 = black) and digitized off-line onto a 
personal computer. The region of analysis was set using 
a selection tool (20 × 10 ram) in the general area of 
septum where the specimen was taken. For each selec- 
tion a color-level histogram, representing the frequency 
distribution, was derived with estimates of the average 
pixel intensity (mCS), skewness (SK), kurtosis (K), and 
the broad band (Bb) of the echoes about the distribu- 
tion. Echo-derived parameters in each patient were 
compared with corresponding CVF values. CVF was 
out of range in all patients, ranging from 2.6% to 7.6% 
(mean 4.3% -+ 1.6%). No correlation was found be- 
tween CVF and mCS, whereas a significant correlation 
was found at end diastole between CVF and the param- 
eters describing histogram morphology, respectively, 
SK (r = 0.73), K (r = 0.69), Bb (r = 0.72). These 
findings for the first time demonstrate in vivo in hyper- 
tensive patients with left ventricular hypertrophy an 
agreement between echo amplitude and histologically 
assessed collagen volume. Thus in our studied patients 
collagen content appears to be the major determinant 
of regional echo intensity, its increase resulting in a 
significant and progressive wider asymmetrical left shift 
(yellow) of the color histogram. (J Am Soc Echocardiogr 
1997;10:657-64.) 
T i ssue  characterization with ultrasonography repre- 
sents an extension of conventional echocardiography 
for the evaluation of myocardial physical properties5 
The conventional echo image depicts at a low resolu- 
tion the interaction between ultrasonographic waves 
and the singular components that constitute the tis- 
sue under study. Associated with the hypothesis that 
alteration in the echo image pattern is due to alter- 
ations in tissue structure, 2 various approaches have 
been used to quantitatively define the pathophysio- 
From the Centro di Fisiologia Clinica e IpertensionG Ospedale 
Maggiore, Universitfi di Milano, Italy; Cattedra di Medicina In- 
terna, C.LO., Universitfi di Cagliari, Italy; and the University of 
Missouri-Columbia. 
Reprint requests: Michele Ciulla, MD, Centro di Fisiologia Clinica 
e fpertensione, Universit~ di Milano, Ospedale Policlinico, Via F. 
Sforza, 35, 20122 Milano, Italy; email: img.lab@imiucca.csi. 
unimi.it. 
Copyright © 1997 by the American Society of Echocardiography. 
0894-7317/97 $5.00 + 0 27 /1 /80029 
logic state of  cardiac muscle with ultrasonography. 3 
Methods for ultrasonic characterization have in- 
cluded gray-scale or backscatter analysis of returning 
echoes that have been employed in several cardiac 
disorders. 4-6 
The importance of fibrosis in mediating a patho- 
logic structural remodeling of the hypertensive heart 
has long been recognized. A marked increase in fibril- 
lar collagen is present in the hypertensive hypertro- 
phied left ventricle and includes the interventricular 
scptum. 7,s There is little doubt that collagen deposi- 
tion, because of its marked acoustic impedance, has 
an important influence on the echo texture image 
from the myocardium. 9 Quantitative analysis of the 
ultrasound signals from myocardium has demon- 
strated increased sensitivity for detection of  collagen 
accumulationS°a1; however, the specificity of 
changes in ultrasonic reflectivity for the diagnosis of 
myocardial fibrosis is still uncertain. 
We hypothesize that myocardial fibrosis is a major 
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Table 1 Patient Population and Myocardial Fibrosis 
No. Age/Sex Echo diagnosis IVS LVMI E/A CVF Histologic findings 
1 61/F cLVH-LAE 14 125.15 1.25 4.2 Focal scars 
Endocardial fibrosis 
2 66/M cLVH-LAE-DD 12 145.85 0.74 3.8 Focal scars 
Endocardial fibrosis 
3 40/F cLVH 12 206.79 1.00 2.6 Focal scars; endomysial fibrosis 
Perivasctflar collagen 
4 68/F aLVt-I-DD 16 155.93 0.72 4.9 Scars and perivascular fibrosis 
Endocardial fibrosis 
5 73/M cLVI-I-DD 13 138.03 0.74 3.2 Focal scars 
6 67/M cLVI-I-DD 13 135.95 0.91 6.3 Interstital fibrosis 
Focal scars 
7 76/M cLVH-MI 16 194.39 3.59* 3.2 Interstitial fibrosis; focal scars 
Endocardial fibrosis 
8 75/F cLVH-DD 16 182.03 0.71 3.3 Little intcrstifial and perivascular fibrosis 
9 65/M cLVH-DD 13 129.60 0.77 7.6 Scars; interstitial fibrosis 
Endocardial fibrosis 
fvs, Interventricular septum (ram); LVMr_, left ventricular mass index (gm/m2); E/A, ratio f early/late ransmitral filling velocities; CVF, collagen volume fraction 
(%); cLVI-I, concentric left ventricnlar hypertrophy; LAE, left atrial enlargement; DD, diastolic disfunction; ctLVH, asymmetric left ventricular hypertrophy; MI,
mitral insufficiency. 
*Pseudo-normalization of E/A ratio. 
determinant  o f  echo texture and designed this study 
in at tempt to define echocardiographic indices o f  
myocardial  fibrosis. We compared the results of  quan- 
titative echo intensity analysis with morphometr ic  
analysis of  myocardial  fibrosis in endomyocardia l  tis- 
sue obta ined by transvenous biopsy in hypertensive 
patients with left ventricular hypertrophy proved by 
means o f  echocardiography. 
METHODS 
Patient Select ion 
We studied nine patients, five men and four women (ages 
40 to 76, mean 66 + 11.8), each with a long-standing 
history of hypertension (>10 years) with left ventricular 
mass normalized for body surface (left ventricular mass 
index [LVMI]) calculated according to the Penn Conven- 
tion 12 of more than 125 gm/m 2 and biopsy-proven myo- 
cardial fibrosis of varying degrees. Two patients howed a 
normal trans-mitral f ow; six patients exhibited Doppler 
echocardiographic findings of left ventricular dysfunction 
(transmitral E /A  ratio < 1), and in one patient pseudo- 
normalization with a reversed E /A  ratio caused by moder- 
ate mitral regurgitation was found. The clinical and diag- 
nostic profiles of these patients are summarized in Table 1. 
A control group of nine normal subjects with normal LVMI 
(85.6 + 23.1 gm/m 2) and trans-mitral flow that did not 
undergo the biopsy procedure was also studied to calibrate 
the echo texture analysis. 
The protocol was approved by thc ethical committee of 
the hospital. All patients gave informed consent for the 
study. 
Endomyocard ia l  B iopsy and Col lagen Vo lume 
Fraction Determinat ion 
Percutaneous transvenous biopsies from the interventticu- 
lar septum were performed on all patients. Myocardial 
tissue was sampled under fluoroscopy and two-dimensional 
echo guidance in the mid to apical area of the interventric- 
ular septum. Analysis of formalin-fixed, paraffin-embedded 
tissue sections from septal biopsy specimens was performed 
by means of light microscopy. According to a previously 
described procedure, 7 collagen volume fraction (CVF, nor- 
mal range up to 2%), which included scars defined as 
microscopically discernible areas of focal collagen accumu- 
lation that replaced lost cardiac myocytes, was determined 
with an image analysis ystem (Quandmet 520; Lcica Inc., 
Deerfield, I11.). Tissue sections were cut at 5 ~m thiclmess, 
stained with collagen-specific picrosirius red (Sirius Red 
F3BA in aqueous picric acid), and were analyzed by using 
normally transmitted fight and 540 nm bandpass filter for 
contrast enhancement. Sections wer¢ quantitated at 80x 
magnification. 
Echocardiographic Studies 
We performed twovdimensional echocardiography and simul- 
taneous electrocardiographic tra ings with a strict ime lapse 
before the diagnostic endomyocardial biopsy, using a standard 
electronic scanner operating at 3.5 MHz, 256 gray levels 
(Acuson 128XP; Acuson Inc., Mountain View, Calif.). The 
echocardiograms were obtained with the patients in a let 
lateral decubitus position. Standard parasternal long-axis 
echocardiographic views were obtained and images were re- 
corded on videotapes (S-VHS format, system NTSC) for 
subsequent analysis. The tal~e-off point for the videotape re- 
corder was at the linear output of the digital scan converter of 
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Figure 1 Echo images obtained uring the biopsy procedure showing the tip of the bioptomc 
piercing the endocardium. 
the echo instrument. The focus was set to the mid-apex 
interventricular septum that was kept perpendicular to the 
main echo beam. 
Gain settings and gain compensation profiles were ad- 
justed to obtain apparently uniform myocardial brightness 
throughout the echocardiogram in each subject, and no 
reject was used. In this study we presumed that the atten- 
uation of chest wall remains constant throughout the car- 
diac cycle. 
Digitalization 
Two representative subsequent sinus rhythm cardiac ycles in 
each subject were selected and digitized off-line from the 
videotape onto a personal computer (Macintosh Power PC 
8100av, RAM 16 MB, HD 500 MB; Apple Computer, Inc., 
Cupertino, Calif.) by using the bnilt-in video digitizer card 
operating at 30 frames/sec, 8 bit/pixcl, 256 colors coded on 
a NTSC standard pixd matrix (640 × 480 pixels). To con> 
pensate for heart rate variability,, nine single frames in each 
subject corresponding to visual cardiac events (opening mad 
dosing of aortic and mitral valve) were ffozcn, labeled as a 
percentage ofthe cardiac ycle, and stored onto the hard disk 
driver of the computer in standard TIFF (tagged image file 
format) is JPEG compressed computer format (cornpression 
ratio 5:1)s4 for the subsequent a alysis. 
The region for the analysis was positioned by means of a 
rectangular selection tool (10 × 20 mm) in the mid-apex 
septum in the general area where the specimen was taken, 
using as reference the echo images obtained during the 
biopsy procedure showing the tip of the bioptome piercing 
the cndocardium (Figure 1). 
The selected region was kept in each patient over the 
same myocardial area during the display of the frames by 
the use of anatomic landmarks in the image, including as 
much of the transmural myocardium, while avoiding arti- 
facts or areas of echo dropout. In the control group com- 
parative areas were selected. 
Image Analysis 
The ccho-texture characteristics were determined in the 
rectangular selection in each selected frame corresponding 
to two consecutive cardiac cycles as follows. To obtain a 
better visualization of the structures under study, color 
scale was set at 256 colors (0 = yellow, 128 = magenta, 
256 = black) re-coding the original 256 echo gray scale 
(0 = white, 256 = black). 
Mean Color Scale Value During Cardiac Cycle 
The mean color scale value (mCS) and the standard eviation 
(-+ SD) were assessed in both groups by using an image- 
processing software developed in our laboratory and imple- 
mented on the video digitizer manager specifications (Percep- 
tics Corp., KnoxMlle, Tenn.). To avoid the effects on image 
texture caused by the characteristics of the ultrasound image 
system, all values obtained were normalized for blood echore- 
flectivity (black = 256) asscssed along the same axis inside the 
left ventricle (Figure 2), The mean color value describes the 
overall brighmess/darlmess of the image; the standard evia- 
tion, the overall contrast of the image. 
Histogram Study 
For each selection acolor histogram representing the pixel 
color-level frequency distribution was derived with esti- 
mates of skewness (SK), which demonstrates a ymmetry of 
the distribution, kurtosis (K), which depicts the peal~edness 
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Figure 2 Schematic diagram of a long-axis view of the heart illustrating the region of interest 
(S1) in the mid-apex interventricular septum from which the measurements were tal<en. Values 
obtained were normalized for blood echoreflectivity (black = 256) assessed along the same axis 
inside the left ventricle ($2). 
of the curve, and the broad band (Bb), which indicates the 
spread of the echoes about he distribution. 
Statistical Analysis 
Data were analyzed by means of a computer statistical 
software (SPSS-Rel 6.1.1; SPSS Inc., Chicago, Ill.). Values 
obtained are reported as mean +_ SD; the group differences 
in mean pixel intensity between controls and hypertensives 
with and without Doppler findings of left ventrieular dia- 
stolic dysfunction were tested for significance using the 
two-way analysis of variance applying the Bonferroni cor- 
rection for multiple comparison. 
The relation between collagen content and echoreflec- 
tivity-derived parameters in patients with biopsy-studied 
patients was expressed in terms of linear egression analysis. 
A probability (p) value less than 0.05 was considered sig- 
nificant. 
Interobserver reproducibility was evaluated comparing 
the measurements made by observer 1 with those of ob- 
server 2; intraobserver reproducibility was evaluated in the 
same way, comparing the data derived by one observer on 
two different days. Results arereported as coc~cicnt of 
variation. 
~S~TS 
The bioptic procedure was well tolerated in all stud- 
ied patients. No adverse reactions or complications 
occurred. 
Biopsy Data 
Histologic patterns of myocardial fibrosis are re- 
ported in Table 1. According to previous tudies in 
normal human tissue, where collagen volume fraction 
was found to be 1.6 + 0.9, as collagen tissue volume 
fraction was increased in biopsy tissue ranging from 
2.6 to 7.6% (mean 4.3% + 1.6%). 
Echoreflectivity results 
As previously reported, 16 mean color scale value, 
which represents the median pixel intensity directly 
related to the lightness of  the image, showed a cyclic 
profile according to cardiac phases (systolic to diastol- 
ic). Changes were in phase with a similar curve profile 
in control subjects and in patients with normal dia: 
stolic function, and in patients with diastolic dysfunc- 
tion smooth changes with an out-of-phase curve pro- 
file were found (Figure 3); differences observed in 
absolute values of  mCS between the three groups 
were not statistically significant. 
Histogram shapes, representing the pixel color- 
level frequency distribution, were substantially differ- 
ent in each patient hat underwent the biopsy (Figure 
4), showing a progressive asymmetrical left shift of  
the color histogram (corresponding to yellow in our 
scale) with the increase of collagen content (Figure 
S); mean values of SK, K, and Bb at end diastole were 
significantly different if compared with correspond- 
ing values obtained in control patients (Table 2). 
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Figure 3 Cyclic changes of mean color scale values (mCS) during two cardiac cycles in 
controls (u = 9) and in hypertensive patients with (u = 6) and without diastolic dysfunction 
(n = 3), respectively, +DD and -DD. 
Comparison of  Methods 
No parameter related to the mean pixc1 intensity 
during cardiac cycle discriminates different levels of 
fibrosis. On the other hand, at end diastole a signifi- 
cant correlation was found between CVF and para- 
meters describing the shape of the color histogram, 
respectively: SK (r = 0.73), K (r = 0.69), Bb (r = 
0.72) (Figure 6). The coefficient of variation between 
measurements made was less then 3% (inter- and 
intra-observer, respectively, -+ 3% and +-2%). 
DISCUSSION 
The unique echo pattern that various tissue display 
reflects to some extent heir collagenous content hat 
is considered the major source of echogenicity in 
tissues. 9J1 Several studies in vitro and in vivo in 
different pathological conditions involving fibrosis 
such as cardiomyopathy 1],17q9 or myocardial infarc- 
tion 2° have shown a promising correlation between 
echoreflectivity and histologically or biochemically 
assessed collagen content suggesting the possibility 
of making non invasive ultrasonic quantification of 
collagen accumulation i tissues. 
The present study, though it reports a limited 
number of  observations, demonstrates a direct corre- 
lation between histologically assessed collagen in bi- 
opsy tissue and pixel-color level frequency distribu- 
tion in hypertensive 'patients with left ventricular 
hypertrophy. 
All patients tudied showed an excessive collagen 
accumulation: these data are consistent with previ- 
ous evidence of  an increased collagen content in 
autopsied hearts of  patients with hypertension and 
left ventricular hypertrophy. 1~,2~ Other authors, 
assuming echoreflectivity as an index of  fibrosis and 
without bioptic control, have found a normal pat- 
tern of  quantitatively assessed ultrasonic backscat- 
ter in mild to moderate hypertensive patients with 
different degrees of  left ventricular hypertrophy, 
suggesting a balanced increase of  the myocyte and 
connective tissue components of  the myocardi- 
um.  22 The different acoustic patterns we observed 
are not in contrast with these data, but reflect the 
different structural and architectural characteristics 
of the studied hearts: our patients were older and 
had a longer history of hypertension if compared 
with other studied hypertensive patients. 
With the increase in collagen content we report a 
progressive wider asymmetrical left shift of the color 
histogram. The mean value of the color scale that is 
directly related to the lightness of the image was not 
relevant to collagen content, while the spread-out of 
echoes and the shape of the distribution showed a 
significant correlation factor. According to the phys- 
ical behavior of ultrasounds, we hypothesize that the 
increase in collagen etwork increases the casual con- 
structive and destructive interactions of echoes within 
the tissue; in a simplified model it is possible to 
consider collagen fibers acting as diffuse reflectors 
inside the tissue returning echoes in all directions 
producing awider color spectrum. 
Since ultrasounds are sensitive to the anisotropic 
properties of tissues, we cannot exclude that myocar- 
dial fiber disarray, observed in hypertrophic cardio- 
myopathy, may be another important contributing 
factor in the genesis of echoreflectivity. 
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Figure 5 Schematic representation f color histograms 
derived, respectively, from a patient with a low (empty 
histogram) and a patient with a high (patterned histogram) 
collagen volume fraction. Normal CVF values are up to 2%. 
Another possible contributing factor is the ab- 
normal left ventricular diastolic filling that is a 
common finding among patients with arterial hy- 
pertension and is probably associated with left ven- 
tricular hypertrophy. Diastolic dysfunction is 
known to affect the cyclic change in tissue reflec- 
Table 2 Differences in parameters describing the 
histogram orphology 
Controls Hypertensives p Value 
SK 0.55 _+ 0.12 2.79 _+ 0.57 * 
K 0.58 ± 0.22 8.39 ± 3.69 1" 
Bb 79.29 ± 6.55 141.89 _+ 52.22 1 
SIC', Skewness; IG kurtosis; Bb, broad band. 
*p < 0.01. 
IP < 0.001. 
tivity; however, the mechanisms responsible are 
not yet known. In six patients we have observed an 
altered diastolic function associated with blunted 
cyclic changes in echoreflectivity. The changes ap- 
pear to be closely associated with regional mechan- 
ical performance of  the tissue. 23 It is possible that 
retention of  normal systolic-to-diastolic variation 
of  myocardial echoreflectivity might provide a sen- 
sitive index of cardiac function. 
Clinical Application 
Because myocardial fibrosis is increased in several 
common typcs of  heart discasc, pcrforming noninva- 
sive tissue characterization f  myocardial structure to 
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Figure 6 Correlation between collagen volume fraction and mean color scale value (top, left 
panel), skewness (top, right panel), kurtosis (bottom, l@ panel), and broad band (bottom, right 
panel) about he color scale. Values are derived at end diastole; each dot represents one patient. 
delineate the extent of collagen accumulation i tis- 
sue may play a relevant role in the clinical outcome of 
these patients, in particular hypertensive patients in 
whom reversal of left ventricular hypertrophy is con- 
sidered a desirable goal of therapy. 
Despite the increased sensitivity for detection of 
collagen accumulation i tissue, 17 the dissemination 
of these techniques i hampered by the difficulties in 
setting up a system for ultrasonic tissue characteriza- 
tion. More recently the addition of image-processing 
capabilities to standard personal computers and the 
availability of analysis oftware has provided a low- 
cost solution to improve image analysis. 24,2s The 
technology we used to analyze the video signals is 
relatively simple and has the advantage that it can be 
added to commercially available echocardiographic 
instruments, a fact that greatly increases the clinical 
applicability of the method. Although backscatter 
analysis provides a more independent approach from 
instrumentation settings and from the operator, it is a 
more complex approach that requires a system not 
readily available and the potential of the video-pro- 
cessed signal analysis has been shown to reproduce 
the information of backscatter analysis in many con- 
ditions.1, 2a 
Limitations of the Study 
Some limitations of this study should be acknowl- 
edged. As far as the system of analysis is concerned, 
the video signals we analyze correspond to radio 
fi'equency signals that have undergone several pro- 
cessing steps in the echocardiographic instruments o
optimize the image. Thus regional alterations of im- 
age texture must be interpreted with caution. Fur- 
thermore, in a transthoracic approach the effect of the 
chest wall and depth of cardiac structure from the 
transducers on tissue imaging is unpredictable. 
To ensure a more independent approach from the 
characteristics of the ultrasound image system and to 
obtain comparable data between subjects, we have 
indicized all the values obtained using blood echore- 
flectivity assessed inside the left ventricle. Other au- 
thors used parietal pericardium as an internal stan- 
dard for setting the gain of the instrumentation. ~ 
Another possible source of problems is the aniso- 
tropic properties of ultrasounds. 26We have studied 
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our paticnts by parasternal long-axis approach. The 
focus was set and kept perpendicular to the interven- 
tricular septum to obtain the same angle of insonifi- 
cation in each subject; by using this approach the 
sound beam is perpendicular to all three muscular 
layers of the interventricular septum. 
To minimize the sampling variability we have cho- 
sen the region for analysis in the same area where the 
specimen was taken, using as reference the echo 
images obtained ur ing the biopsy procedure. One 
absolute l imitation to the applicability of our method 
is that it can bc applied only in patients with a good 
acoustic window. 
Finally, there is the concern that endomyocardial 
biopsy tissue obtained from the interventricular sep- 
rum may not  be representative of the ventricular f ee 
wall. Morphometr ic  analysis of  septum and free wall 
in postmortem tissue from hypertensive hearts would 
suggest the septum is similarly involved and represen- 
tative. 7
Conc lus ions  
In  conclusion, tissue characterization with a simple 
approach that represents a logical extension of 
present echocardiographic nstruments could be 
practical and useful in the noninvasive assessment of
myocardial structure in hypertensive and hypertro- 
phic states. In  particular, it might have clinical impor- 
tance in document ing the extent of collagen accumu- 
lation and in assessing methods designed to prevent 
its appearance or even to cause its regression. 
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